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A FUEL-DISTRIBUTION CONTROL FOR
GAS-TURBINE ENGINES

By Harold Gold and David M. Straight

STUMMARY

The principle of operetion of e device to control the distri-
bution of fuel to any number of discharge nozzles of e gas-Lurbine
englne 1s presented. A description of an experimental model of the
device and the resulte of a bench investigatlon are presented. This
device controlled the flow to four discharge nozzles withlin 2 per-
cent of perfect distribution over a wide range of fuel flow and was
unaffected by uneven discharge-nozzle pressures.

INTRODUCTION

In current ges-turbine engines the fuel is pumped into & mani-
fold from whi ch it flows to the various atomizing nozzles., If the
fuel manifold is large and symmetricel, the effect of fluid friction
1s negligible and fuel reaches all the dlscharge nozzles at the same
gtatic pressure. If all the nozzles have the same area and equal
coefficients at 8ll flows, the flow through the discharge nozzles
will at all times be equal. The complexity imposed on the nozzle
by the need for a well-atomized discharge, however, makes the equal-
izing of fuel flow through the nozzles over & wide range of fuel
flows extremely difficult. With the relatively low pressures used
in some current gas~turblne-engine fuel manlfolds at low flows,
differences in nozzle elevatlions and inertia forces markedly affect
the fuel éistributlon.. In addlition, the malfunctioning of one
nozzle can greatly disturd the fuel flow to the other nozzles. By
means of the distribution-control method described, these effects
can be entlrely overcome.

In the course of investigation at the NACA Cleveland |abor-
atory of methods to obtain uniform fuel sprays in gas-turbine
engines, a fuel-distribution control was geveloped that presents
a possible means for obtaining improved and more conslstent
fuel dlstribution in gas-turbine engines than can be obtalned with
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the use of the manifold system. The principle of operation of the
fuel-distribution control, a desoription of the experimental model
used in the investigatlon, and the results of the bench investigation
are presented,

PRINCIPLE OF OPERATION

Control mesthod. -~ If metched metering jets were placed upstream
of the discharge nozzles in each branch of & fuel manifold, the
static pressure of the fuel on the upatream side of the jets would
be equal In each hranch, but the downstream static pressure would
be affected by the dlscharge nozzle and the fuel distribution would
not be improved. If’, however, automatic valves were placed between
the metering Jete and the discharge nozzles to meintain equal static
pressures on the downstream side of the metering Jets in each branch,
the digtribution would be controlled by the metering Jets and would
be unaffected by the dlscharge nozzles. Such a system, schematlcally
shown in figure 1, is the basis of the fuel-distribution control
developed during this Investigation.

Control mechanism. - A echematic diagram of the fuel-distribution
control is presented In figure 2. Fuel is delivered to this control
under pressure from & pressure-type metering control (not shown). The
fuel flows through the inlet .end fills the manifold passage. From the
menifold passage the fuel flowe into the individual manifold branches
and through the brench metering Jels and the downstreem pressure-
regulating valves to the individual branch discherge nozzles. Fuel
also flows from the manifold passage into the pillot branch, through
the pilot metering Jet and the pllot regulator jet, to the pllot
discharge nozzle.

By means ©f the preggure-equelizing passage, the static pres-
sures in the individual chambers A are maintained equal. The
control dlaphragme that separate chanmbers A and B poaslition the
downstream pressure-regulating vealves until the pressures in chem-
bers B are ogquel to the pressures in chambers A.

If the branch discharge-nozzle pressures are equal to the
plliot discharge-nozzle preasure, the static-pressure d4rop across
each of the downstream pressure-regulating wvalves will be equal
to the statlc-pressure drop acroee the pllot regulator Jet. The
open area of the valves will then be proportional to the area of
the pilot regulator jet and this area wlll remain fixed at all
fuel flows. If any one branch dlscharge-nozzle pressure should
rise above the pllot discharge-nozzle pressure, the dowvnetrean
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pressure-regulating valve in the branch supplying thet nozzle would
have & reduced static-pressure drop and would move to & position of
larger cpening. If any one branch discharge-nozzle pressure should
fall below the pllot discharge-nozzle Pressure, the reverse would
occur. In either case the static-pressure drop across the branch
motering Jeot remeins egual to the drop across the pllot metering
Jet and the fuel distribubtion is undisturbed.

The. pilot discherge nozzle can supply fuel to the englne In
the same manner as the branch discharge nozzles. Because of the
dependence of the entire system, however, on the flow in the pilot
branch, 1t may be advieable to return the pilot flow to the fuel
tank as indiceted in figure 2.

EXPERIMENTAL MOIEL, APPARATUS, AND PROCEDURE

Experimental model. - A photograph of the experimental model
of the four-branch fuel-distribution control used in the bench
investigation 1s shown in figure 3. The control dlaphregms are
mounted on four faces of a cube. In operatlon, the control is so
mounted thet the control dlaphragms are each In a vertical plane,
which eliminates the effect of the valve-plug weight on the pres-
sure in chamber B. Other errangements can be used but the weight
of the plugs must always be mede to act in the same direction on
all the valves. The pilot meterling and regulator Jets are in a
separete housing, which is not shown in figure 3.

Metching of metering jets. - The metering Jets used in the
experimental model were drilled and then placed in a Navy-type
orifice comparator. (See reference 1l.) While in the comparator,
the four Jets were matched by polishing with orocus cloth. After
the Jets were matched on the comperator, a flow check was mede
with naphtha, The results of the flow check (fig. 4) show that
the four jets, which were matched in the comparator, give nearly
the same flows over a wide range of metering heads.

Bench epparatus. - The apperatus ueed with the experimentel
model of the fuel-distribution control is schematically shown in
figure 5 and photographlically shown in figure 8, Total fuel flow
to the fuel-distribution control wee measasured with a rotameter
having a range of 200 to 2000 pounds per hour. The £ uel flowing
in each branch passed through e rotameter having a range of 40 to
200 pounds pexr hour. Above a total fuel flow of 800 pounds per
hour, therefore, only the total-flow rotameter could be used.
From the branch rotameters the fuel was discharged through four
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dlaphragm-operated, spring-loaded nozzles. One of the four nozzles
was vented to a variable-pressure &ir line in order that its dis-
charge pressure could be varied. A well-type mercury manometer was
used to measure the dlscharge-nozzle pressure.

The four branch rotameters were callbrated in serlies aftexr
Installation on the bench sapparatus. The calibration wes recorded
by plotting the float position of each rotameter in millimeters
agalingt the fuel flow in pounds per hour as Indicated by one of
the four rotameters. The fuel flow through the pilot branch was
measured with a rotemeter having & range of 3 to 25 pounds per hour.

The preseure drop acroses each of the metering Jets was
meagured with a 100-Inch nephtha menometer. Each chamber B was
connected to one tube of a bank of four tubes that was arranged
as shown in figure 5. The differences in the level of the fuel
in the four tubes 1ndicated the differences in static pressure in
the four chembers B and thereby the accuracy with which the down-
gtream pressure-regulating valves were functioning.

The fuel wes naphtha having a speclifilc gravity of 0.74 at
a temperature of 70° F.

RESULTS AND DISCUSSION

Discharge-nozzle calibratlion. - The discharge nozzles that
were used in the bench r»uns on the experimental model were first
operated on a manifold to determine the ablility of the nozzles to
distribute the fuel equally. The results of this calibratiomn, whilch
are shown in figure 7, Ilndlcate & maximum deviation of 30 percent from
perfect distribution.

Performance of experimental model. - The bench performance of the
exverimental model of the fuel-distribution control is shown in fig-
ure 8, In the range of total fuel flow from 180 to 300 pounds per
hour, the deviation of eany branch flow from perfect distribution was
no greater than 2 percent. Above a total fuel flow of 320 pounds
per hour, the deviation was less than 1 percent. Although branch-
rotameter ranges limited the maximum recorded branch fuel flow, use
of the total-flow rotameter alone extended the total-fuel-flow range
to the limit of 1260 pounds per hour imposed by the bench apparatus.
Comparison of the preesures in chambers B indlcated that the sams
accuracy of control was maintained over this edditional range. Com-
parison of the results shown in figures 7 and 8 clearly indicates
the marked Improvement thet cen be obtained with this type of auto-
matlc fuel-~distribution control.
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In order bto demonstrate the ability of the experimental model
to compensate for uneven nozzle pressures, the discherge pressure
of one of the four nozzles was varled from 3 to 13.8 inches of
mercury gage while the three cthers were kept at an approximetely
congstant preassure of 11.3 inches of mercury gage. The flow through
the control wese kept constent at 370 poundes per hour. The results
of thie run, which are given in figure 9, show that the branch fuel
flow remeined constant within 3 percent over the entire range of
nozzle pressures from 3 to 13.3 inches of mercury gage. Above a
pressure of 13.3 inches of mercury gage, the downstream pressure-
regulating wvalve 1n that branch began to lose control, The fuel-
digtribution control can be made to compensate for a much wider
range of uneven nozzle pressures at any pressure level by altering
the dimensions of the dowmstream pressure-regulating valve and the
slze of the pilot regulator jJet.

SUMMARY OF RESULTS

A study of an experimental model of afuel-distributlon control
for gas-turbine engines gave the following results:

1, The experimental model controlled the fuel flow to four
unmatched discharge nozzles within 42 percent of perfect dlstri-
bution at a total flow of 180 to 1260 pounde per hour.

2. The experimental model maintained the fuel flow through
a discharge nozzle within 3 percent of a constant value while the
discharge-nozzle pressure was varled from 3 to 13.3 inches of

mercury gege.

Flight Propulsion Research Laboratory,
Netional Advisory Commlttee for Aeronautlics,
Cleveland, Ohio.
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